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CHAPTER 1. GENERAL INTRODUCTION 
 
Field peas (Pisum sativum) are usually grown in temperate climatic regions and 
colder zones in tropical climates (Castell, 1990). For many decades, pea seeds have been 
valued for their nutrient composition, and, as such, they provide an excellent food source for 
humans and livestock in several parts of the world (Abrahamsson et al., 1993; Castell, 1990; 
Simioniuc et al., 2002). New pea cultivars have been developed for livestock feeding with a 
focus to providing a reliable alternative feed source for animal feed industry (Petersen and 
Spencer, 2006; Shahidi et al., 1999; Soto-Navarro et al., 2004). The new pea varieties are 
distinguished for their high productivity, nutritive quality, and agronomic adaptability in 
specific regions (Castell et al., 1996; Petersen and Spencer, 2006; Simioniuc et al., 2002). 
Traditionally, cull peas from the food industry were the only major source of peas for 
nonruminant diets (Castell, 1990; Gatel and Grosjean, 1990). For swine, field peas contain an 
average of 23% crude protein and 3,435 kcal/kg digestible energy compared to corn, which 
has 8.5% and 3525 kcal/kg respectively (NRC, 1998). Peas are low in ether extract (1.2%) 
but are relatively high in lysine (1.5%) content compared to most cereal grains. About 84% 
of lysine in peas is digestible by the pig (Gatel and Grosjean, 1990; NRC, 1998). Peas, like 
most legume seed crops, contain a range of antinutritional factors (ANF). Pigs tolerate 
moderate levels of ANF in peas; the age of the pigs, however, should be considered during 
diet formulation (Castell, 1990; NRC, 1998).  
Field peas are rapidly becoming an important crop in the upper U.S. Midwest and 
consequently are raising increased interest by both livestock producers and plant scientists 
(Petersen and Spencer, 2006; Stein et al., 2004). Peas, however, are relatively a new crop in 
Iowa where corn and soybean meal are the primary ingredients of swine diets (NASS, 2006). 
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With the growing interest to increase diversity in the two-crop rotation system, Iowa farmers 
and agricultural scientists are continually searching for a profitable complementary crop 
(Fawcett et al., 2005). In addition to rotational benefits, swine feeding would provide a robust 
use for peas in Iowa if the crop is adopted. Unlike soybeans, pea seeds, after drying and 
harvesting, can be ground and incorporated in swine diets directly on the farm without 
further processing (Stein et al., 2004).  
Nutrient composition of peas is highly influenced by agronomic factors and seed 
genotype (O'Doherty and Keady, 2001). Thus, it is necessary to understand the nutrient 
content of locally grown peas before incorporating them in swine diets. It is also important to 
investigate swine performance when all the soybean meal in the diet is replaced with 
sufficient levels of locally grown field peas (Stein et al., 2004). In this study, Iowa-grown 
field peas were evaluated as an alternative feedstuff for the effects on finishing pig 
performance and pork quality.  
Thesis Organization 
This thesis is divided into four chapters: general introduction, literature review, one 
manuscript of a journal article, and general summary. The article in chapter 3 was prepared 
for appropriate submission to the Journal of Animal Science. 
Literature Cited 
Abrahamsson, M., H. Graham, Y. Dandanell Daveby, and P. Aman. 1993. Ileal and faecal 
digestibility of light- or dark-coloured peas (pisum sativum) in growing pigs. Anim. 
Feed Sci. Tech. 42:15–24. 
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Castell, A. G., W. Guenter, and F. A. Igbasan. 1996. Nutritive value of peas for nonruminant 
diets. Anim. Feed Sci. Tech. 60:209–227. 
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of field pea replacement level on intake and digestion in beef steers fed 
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CHAPTER 2. LITERATURE REVIEW 
 
Field Peas 
 
Background 
 
Field peas (Pisum sativum) are an excellent source of both energy and protein for 
pigs. Field pea is an annual herbaceous leguminous plant (stem 0.6–1.2 m), usually grown in 
temperate climatic regions and colder zones in warmer climates (Castell, 1990). In Europe 
and Canada, peas are widely used as a major source of protein and energy for humans and 
livestock. In the United States, peas are mostly grown in the Palouse region of Washington, 
Idaho, North Dakota, South Dakota, Montana, and Minnesota (Myer and Brendemuhl, 2001). 
Crop breeding and selection of area specific varieties of field peas have greatly improved pea 
yields, nutritional value of the seed, and enhanced agronomic suitability of the crop 
(Simioniuc et al., 2002). Development of new pea cultivars for livestock feeding has 
provided a new reliable feed source for nonruminants. Traditionally, peas rejected or culled 
by the food industry were the main source of peas in nonruminant diets (Myer and 
Brendemuhl, 2001).  
All peas belong to the same species (Pisum sativum). Different subspecies, however, 
are preferred in different regions (Castell, 1990). For example, hortens (with white flowers 
and white, yellow, green, or bluish seeds) is the most preferred in North America and 
southern Europe; arvense (with colored flowers and dark-brown seeds), however, is widely 
grown in Australia, Asia, and Northern Europe (Abrahamsson et al., 1993). Color, shape 
(flat, round, wrinkled, or smooth), the size of the seed, and the planting time (spring, 
summer, or winter varieties) are normally used to classify different types of cultivated dry 
peas. In view of the diverse varieties, agronomic conditions, seeding times (spring, summer, 
  
6
 
or winter), and the seed types produced, there is a wide range in crude protein content of peas 
(Savage and Deo, 1989).   
 A mature pea seed consists of the hull or nonstarch polysaccharides (NSP) which 
represent 7–14% by weight and the dehulled (kernel) component (Castell et al., 1996). The 
pea kernel (cotyledons) contains relatively high levels of crude protein (21–30%) and 
carbohydrates (starch) 40–48% with low levels of crude fat, ash, and fiber (Abrahamsson et 
al., 1993; Beevers and Storey, 1976). The NRC (1998) and Myer and Brendemuhl (2001) 
reported 23% average crude protein content of peas. Hlodversson (1987) found that the hull 
is associated with several nutrient depressing factors (i.e., tannins and other enzyme 
inhibiting activities). Peas, however, contain 6–20% less of the trypsin inhibitor than 
soybeans. The dark-flowered varieties are relatively higher in tannins and other antinutritive 
factors than the white-flowered varieties and consequently have lower digestibility of 
nutrients (Abrahamsson et al., 1993). Because pigs tolerate low levels of antinutritive factors 
(ANFs) in raw peas, palatability of ground peas is not a problem.  
Field pea seed will germinate (11–14 days) in soil temperatures as low as 4.5 degrees 
Celsius. A wide range of soil types from light sandy to heavy clay can support a good pea 
crop. Although pea moisture requirements are similar to cereal grains, the former has lower 
tolerance to saline and waterlogged soils conditions. Like most legume crops, field pea will 
fix most of required nitrogen if the seeds are properly inoculated. 
Peas have hypogeal emergence in which the cotyledons remain below the soil 
surface; seedlings are able to tolerate spring frost with a new shoot emerging from the ground 
in case of frost injury on the first shoot. A pea pod contains four to nine seeds and is usually 
about 7.5 cm long. Heat stress at flowering can reduce pod and seed set. Depending on field 
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pea variety and weather, flowering normally begins 40–50 days post planting. In North 
Dakota, early planting (April to midMay) is recommended for flowering to occur during 
cooler weather of June and early July (McKay et al., 2003). Determinate flowering varieties 
ripen early (80–90 days), and indeterminate varieties have later maturity of 90–100 days.  
No additional special equipment is required for pea production. Proper adjustment of 
the conventional equipment is sufficient for field pea production. Therefore, it is possible to 
use the same machinery and storage facilities between peas and soybeans rotation.  
Nutritive Value of Field Peas for the Pig 
Protein and Amino Acid Content 
Field pea seeds are nutritionally valuable due to their relative higher content of crude 
protein compared with corn and other cereal grains. Pea protein contains more lysine than 
soybean protein and a similar content of threonine, but less tryptophan and sulphur amino 
acids (Abrahamsson et al., 1993; Myer and Brendemuhl, 2001). A mature pea seed contains 
approximately 25% crude protein (Gatel and Grosjean, 1990). Analysis of crude protein in 
field peas reflects a wide range of values (Castell et al., 1996; Petersen and Spencer, 2006). 
Several aspects contribute to the crude protein variability including genotypes, seed 
characteristics (smooth or wrinkled seeds), growing season, and the analytical methods 
(Gatel and Grosjean, 1990; Hlodversson, 1987). Furthermore, Matthews and Arthur (1985) 
reported that the crude protein content is not always consistent, even for seeds from the same 
plant or same pod. Spring varieties tend to have less crude protein than winter varieties 
(Castell et al., 1996). Wrinkled pea seeds are higher in average crude protein content than 
smooth seeds (Myer and Brendemuhl, 2001a; Myer and Brendemuhl, 2001). Castell et al. 
(1996) explained that the differences in crude protein could partly be attributed to the relative 
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proportions of the constituent proteins and the form in which nitrogen is stored in the seed. In 
an earlier study, Macnicol (1977) demonstrated the ability of the pea cotyledon to extensively 
synthesize and inter-convert amino acids during the growing season. Albumins, globulins, 
and glutelins (differing in their solubility in specific solutions) are the main protein extracts 
in peas.  
Field peas have a high quality amino acid profile that closely matches the 
requirements of pigs (Petersen and Spencer, 2006; Stein et al., 2004). In swine diets, lysine is 
usually the first-limiting amino acid (Lewis, 2001; NRC, 1998). Because of the amino acid 
availability, content and balance of peas, producers that use field peas in swine diets may be 
able to reduce the level of dietary protein fed, therefore decreasing nitrogen excreted by the 
pig (Adeola, 1999; Canh et al., 1998; NRC, 1998; Nyachoti et al., 2006).  
Protein and Amino Acid Digestibility 
In the growing pig, apparent ileal amino acid digestibility provides an acceptable 
estimate of amino acid availability mostly in feedstuffs that are not heat-treated (NRC, 1998; 
Tuitoek et al., 1997). Apparent ileal digestibility of essential amino acids in peas is similar to 
quoted values for soybean meal: lysine 84 vs. 85%, methionine 78 vs. 86%, threonine 73 vs. 
78% and tryptophan 70 vs. 80% for peas and soybean meal, respectively (NRC, 1998). 
Because of their low levels in pea seed, it is important to pay particular attention to dietary 
levels of sulphur amino acids when considering peas as the potential amino acid source for 
pigs. In swine, the ileal digestibility of amino acids and nitrogen retention of white-flowered 
peas is generally reported to be higher than that of colored-flowered peas (Abrahamsson et 
al., 1993; Hlodversson, 1987). However, a higher lysine digestibility was noted in the dark-
colored pea seed diets than light-colored pea seed diet (Abrahamsson et al., 1993). The 
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differences in digestibility may be explained by levels of antinutritional factors such as 
condensed tannins and klason lignin, associated mainly with polyphenols in pea hull 
(Abrahamsson et al., 1993; Castell, 1990).  
In view of a pig’s need, ideal protein can be defined as one that provides the balance 
of amino acids needed for optimum growth and performance. Using a reference amino acid 
(lysine) which is set at 100%, other essential amino acids can be derived and are expressed as 
a percentage of lysine (NRC, 1998; Wang and Fuller, 1990). For instance, if the lysine 
requirement is 1.42% of a feed that contains 3000 kcal / kg, then arginine requirement is 85% 
of lysine requirement or 1.21% of the feed. By applying the ideal protein concept when 
formulating diets on the basis of ileal digestible amino acid content, similar performance, and 
body composition can be achieved regardless of the protein source (Tuitoek et al., 1997). In a 
study comparing effects of four protein sources (field pea, soybean meal, sunflower meal and 
fish meal), Szabo et al. (2001) reported that protein source had no difference in growth 
performance in pigs (30–105 kg BW), lean meat percentage, liver weight, or meat quality of 
grow-finish pigs.  
Energy Content and Carbohydrate Digestibility 
Starch is the storage form of carbohydrates in plants, an important source of energy in 
the pig diet. Energy providing ingredients represents the largest portion of the diet. For 
growing-finishing pigs, feed intake is controlled by energy density of the diet when fed ad 
libitum. According to the NRC (1998), pigs are able to compensate by consuming more feed 
for lower energy diets than when fed diets with greater energy densities. As the weight and 
age of the pig increases, the apparent energy digestibility coefficient also increases 
(Hlodversson, 1987). In addition to the diet type, development of the gastrointestinal tract 
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and microbial populations in the cecum and colon influence energy digestibility in the 
growing pig (NRC, 1998). 
Peas have 2.6% less digestible energy (3525 vs. 3435 kcal/kg DE) and 6.1% less 
metabolizable energy (3420 vs. 3210 kcal/kg ME) than corn (NRC, 1998). There is a wide 
range of published energy values ( 2914–3965 kcal/kg ME) for the whole pea seed for pigs 
(Castell et al., 1996; Hlodversson, 1987). The white-flowered peas (P. sativum hortense) 
have a similar digestible energy value (3490 kcal/kg DE) to soybean meal, while the value 
for the dark-flowered peas (P. sativum arvense) is slightly lower (Gatel and Grosjean, 1990). 
Gatel and Grosjean (1990) reported that the high energy digestibly in peas in spite of high 
crude fiber content is explained by high digestibility of crude protein, crude fiber, and 
nitrogen-free extract. Smooth pea seeds generally are higher in energy content than wrinkled 
peas. The effects of cultivar and conditions prevailing in the growing season influences 
variations in pea seed composition (Savage and Deo, 1989). In Europe, Gatel and Grosjean 
(1990) reviewed several studies that indicated a higher digestible energy content for spring 
varieties than for the winter (3940 vs. 3860 kcal/kg DM). 
The crude fiber, ash, and starch content of a feedstuff influence the feed’s energy and 
dry matter digestibility (Sullivan, 2005; Sullivan et al., 2007). Field pea contains more than 
twice as much crude fiber as corn with the hull representing less than 10% of the mature seed 
by weight (Castell, 1990). This partially explains why peas have less energy than most cereal 
grains. Gatal and Grosjean (1990) reported fiber analysis in pea, acid detergent fiber (ADF) 
of 80 g/kg and neutral detergent fiber values (NDF) (100–160 g/kg dry matter). The dehulled 
seed component of pea contains 45% starch and 25% protein by weight, with low crude fat 
and molecular weight carbohydrates (LMWC) (Castell et al., 1996; Gatel and Grosjean, 
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1990). Pea starch consists of two glucose polymers (amylose and amylopectin) in varying 
proportions among seeds of different varieties and seed type, (e.g. in wrinkled seeds amylose 
forms more than 66% and 35% in smooth pea) (Castell et al., 1996). According to Jurgens 
and Bregendahl (2007), amylose is more digestible than amylopectin due to the structure and 
form. In general, smooth pea seeds and spring varieties have a higher total starch content 
than wrinkled and winter peas (Castell et al., 1996; Gatel and Grosjean, 1990). 
Although ether extracts in field pea are normally very low (< 2% to 6% dry matter by 
weight), linoleic acid represents 45 to 50% of the total fatty acids NRC (1998), and the 
majority of these fatty acids (83–84%) are unsaturated (Grosjean, 1985; NRC, 1998; Savage 
and Deo, 1989). Supplementation of conjugated linoleic acid at 0.75% of the total diet of 
growing-finishing pigs improved feed efficiency, decreased backfat, and pork quality 
attributes of marbling (Dugan et al., 2004; Wiegand et al., 2001).   
Linolenic (C18.2) and arachidonic acids (C20.4) are both classified as essential fatty 
acids (EFA) in a swine diet. A requirement for dietary linolenic acid at 0.10% of the diet or 3 
g/day for finishing pigs is recommended (Azain, 2001; NRC, 1998). Apart from the high 
energy density, EFAs are essential in the pig diet because they enhance pig performance. 
EFAs serve as precursors for eicosanoids, a group of compounds which have a variety of 
endocrine, autocrine, and paracrine functions (Azain, 2001). 
Phosphorus Content and Availability 
According to NRC (1998), pea seed contains an average of 0.39% phosphorus and 
0.11% calcium, and corn contains 0.28% and 0.03%, respectively. Jurgens (2002) reported 
0.46% phosphorus content in pea seed. Using hydrochloric acid-extractable phosphorus as a 
measure of phosphorus availability, Habiba (2002) reported a reduction of phosphorus 
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availability after ordinary cooking of peas, with raw seeds containing 475 mg/100 grams and 
cooked seeds contained 346 to 463 mg/100 grams. It is notable that cooking resulted in a 
reduction in phytic acid and polyphenols. 
Phosphorus is essential for proper maintenance and development of muscular tissues, 
skeletal system, and physiological function of the body in a pig (Alonso et al., 2001; NRC, 
1998). Inadequate availability of phosphorus content in the diet has been shown to adversely 
affect optimal animal performance by attenuating growth, increasing mortality, and reducing 
carcass quality (Waldroup, 1999). A common source of dietary phosphorus is legume seeds 
which contain a significant amount of other minerals such as Ca, Mg, or Zn among other 
nutrients (NRC, 1998). Phytate, a salt of phytic acid, is the major storage form of phosphorus 
in plant seeds and as such accounts for up to 80% of the total dietary phosphorus present in 
typical animal feedstuffs (Eeckhout and De Paepe, 1994).  
The concentration or the amount of the insoluble salts like phytic acid in the feedstuff 
will influence the bioavailability of minerals and other nutrients to the animal (Alonso et al., 
2001). Naturally, monograstics lack phytase, an intestinal enzyme capable of hydrolyzing 
phytate, resulting in pigs and poultry passing phytate-phosphorus through the digestive tract 
unabsorbed (Kornegay and Verstegen, 2001). In addition to limiting bioavailability of 
phosphorus, phytic acid is a strong chelator of divalent cations such as Ca, Zn, and Fe, thus 
reducing availability of these minerals to the animal (Cheryan, 1980). 
Antinutritional Factors  
Field peas, like many legume seeds, contain naturally occurring factors which 
interfere with nutrient availability. The role of legume seeds (e.g., dry beans, peas, and 
soybeans) in monograstric nutrition, especially for proteins and minerals, is limited because 
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of the presence of antinutritional factors (ANF) (Van Der Poel, 1990). Reduced protein 
digestibility, low proportions of sulphur amino acids, and sometimes gastrointestinal distress 
are associated with high levels of ANF in the diet (van Barneveld et al., 1995; Van Der Poel, 
1990). The occurrences of ANF in feedstuffs have different physiological effects between 
animals and crop species. In general, most field beans have higher ANF content than peas 
(Leterme et al., 1990). Lower protease inhibitors and lectins among other ANF raise a major 
interest in pea studies for swine diets (Gatel, 1994; Hlodversson, 1987) 
In the pea, protease inhibitors are proteins located mainly in the cotyledons (13 times 
more than in hull) with specific antitrypsin and antichymotrypsin activities (Gatel, 1994; van 
Barneveld et al., 1994). Raw peas, however, are 5–20 times (depending on the variety) lower 
in trypsin inhibiting activity (TIA) than raw soybeans (Gatel, 1994). Spring variety, wrinkled 
seeds, and colored-flowered peas are commonly reported to have lower TIA than winter, 
smooth, and white-flowered peas (Gatel, 1994; Hlodversson, 1987). Growing conditions such 
as climate, soil type, and sowing date can also significantly influence TIA in pea (Leterme et 
al., 1990). Like most proteins, protease inhibitors require their structural integrity for 
inhibition activity (Berg et al., 2007; Van Der Poel, 1990). Heat processing such as steam 
processing, extrusion, autoclaving, micronizing, or infrared radiation denatures the 
proteinaceous inhibitors compromising their activities (Berg et al., 2007). There are several 
factors (i.e., initial level, temperature, moisture, and heating time) which influence the extent 
to which TIA is reduced by heat processing. Although there is some level of digestibility 
improvement, the nutritional significance of heat processing has not been elucidated because 
of the simultaneous presence of other heat-stable ANF (Gatel, 1994; Van Der Poel, 1990).  
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Lectins are glycoprotein compounds, which in vivo can bind to receptors of epithelial 
cells of the intestinal mucosa causing disturbance to the digestive processes, and in vitro 
agglutinate red blood cells (Gatel, 1994). A high concentration of lectins in a pig diet results 
in brush border damage, interference with absorption, and nutrient transportation across the 
cell wall (Gatel, 1994; Jurgens and Bregendahl, 2007). Lectin content in peas is generally 
higher than in most field beans, but much lower than the content in kidney beans and raw 
defatted soybean meal (Valdebouze et al., 1980). Variability in content is reported to exist 
between varieties or perhaps even between samples of the same cultivar (Gatel, 1994). Heat 
treatment inactivates lectins the same way as protease inhibitors, temperature, and duration of 
heating being the main factors (Berg et al., 2007; Gatel, 1994). 
In peas, tannins are mostly confined to the seed coat (Abrahamsson et al., 1993; 
Hlodversson, 1987). Higher content of condensed tannins and other polyphenolic 
compounds, such as klason lignin, form complexes with nutrient constituents (e.g., proteins) 
(Abrahamsson et al., 1993). Consequently, digestive enzymes are not able to break apart the 
complexes, causing a decrease in digestibility of feed protein and carbohydrates (Gatel, 
1994). Like most other ANF, tannin content of peas varies widely in relation to several 
factors including variety and climatic conditions during the growing period (Hlodversson, 
1987). 
As a related factor, nonstarch polysaccharides (NSP) are known to depress 
digestibility of several nutrients including protein and carbohydrates in some legume seeds 
(Church, 1991). Digestion, however, is not affected to the same extent by all NSP. Compared 
to wheat or other field beans, in particular, peas contain more soluble NSP with higher 
digestibility (Gatel, 1994). 
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Performance of Finishing Pigs 
During the finishing period pigs are usually provided feed on an ad libitum basis 
throughout the entire phase. The quantity and quality of the feed consumed by the pig on a 
daily basis, however, is central in determining growth performance, both in live weight and 
tissue accretion (Ellis and Augspurger, 2001). A range of factors interact to determine the 
voluntary feed intake of the finishing pig. Internal animal constraints, nutritional factors, and 
environmental limitations significantly influence feed intake (Cline and Richert, 2001; Ellis 
and Augspurger, 2001; NRC, 1998). Therefore, in order to formulate diets to meet the 
animal’s requirements within its intake limit, it is essential to understand the feed intake of 
the pig (NRC, 1998). Consequently, a pig’s growth rate and nutrient requirements are 
influenced by genetics, health of the animal, sex, stage of development, and environmental 
temperature (NRC, 1998). The focus of this section is to examine the interplay of several 
factors which influence the performance of the finishing pig in relation to feed intake, 
average daily gain (ADG), feed efficiency, and carcass characteristics. 
Feed Intake 
Feed intake by the pig involves external factors and a complexity of physiological 
controls (i.e., internal systems, nutrients, and metabolites in the body). The central nervous 
system, in particular the hypothalamus, has been shown to be important in feed intake 
regulation (Ellis and Augspurger, 2001). Several theories have been proposed (i.e., 
glucostatic, thermostatic, lipostatic, aminostatic, and ionostatic) in an attempt to explain the 
short-term regulation of feed intake (Ellis and Augspurger, 2001; Houseknecht et al., 1998; 
Martin et al., 1989). Other peripheral mechanisms like cholecystokinin, a hormone which is 
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released from the small intestine during feeding, have been shown to reduce feed intake in 
the pig (Scharrer, 1991).  
Energy density of the diet influences feed intake by the pig when feed is provided on 
an ad libitum basis. The relationship between the nutritional factors like energy density and 
feed intake has been widely reviewed (Ellis and Augspurger, 2001; Martin et al., 1989; NRC, 
1998; Scharrer, 1991). According to the NRC (1998), pigs have the ability to compensate by 
increasing feed intake if the dietary energy concentration is low. This mechanism, however, 
would involve the physical limitation of gut capacity with high fiber diets. Cisneros (1997) 
observed an increase in energy intake by growing-finishing pigs and consequently growth 
rate when fat-supplemented diets were compared with standard corn-soybean meal diets 
under hot conditions. Surprisingly, carcass fat levels were higher for the pigs fed a high fat 
diet compared to those fed the standard diet. Cisneros (1997) suggested that a greater portion 
of the increased energy intake from the high-fat diets under hot conditions was turned into 
carcass fat rather than directed to protein synthesis.  
It is noteworthy that as a pig approaches market weight, the voluntary feed intake 
changes. For a pig weighing between 25 to 85 kg live weight, feed intake was reported to 
increase linearly with increasing body weight (Hyun et al., 1997). From 10 to a maximum of 
110 kg live weight pig, Bigelow and Houpt (1988) reported a 188% feed intake increase. 
However, feed intake increases faster between 20 and 70 kg live weight than above 70 kg 
(NRC, 1998).  
Environmental temperatures influence voluntary feed intake if the conditions fall 
beyond the animal’s capacity to adapt (Ellis and Augspurger, 2001). Depending on pig size, 
the thermo-neutral zone for a pig ranges between 15 to 29 degrees Celsius (Heitman et al., 
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1958; Verstegen et al., 1982). Generally, a pig will increase feed intake in response to cold 
and reduce feed intake during hot conditions in an attempt to maintain a stable body 
temperature (Berg et al., 2007). The heat generated during feed metabolism provides needed 
body heat. Verstegen (1982) reported that for each degree Celsius below the lower critical 
temperature, feed requirement increased by 25 to 39 g/d for growing-finishing pigs. Heavier 
pigs (> 90 kg) show a greater increase in feed intake than lighter animals for temperatures 
below lower critical temperature (Close, 1989).  
Several aspects of a pig’s physical and social environments affect feed intake 
(Brumm and Gonyou, 2001). Individually penned pigs eat 5.5% more food and gain 4% 
more weight than pigs in small groups (Gonyou et al., 1992; Spicer and Aherne, 1987). It has 
been hypothesized that group penned pigs attempt to avoid others during eating which 
contributes to lower feed intake (Gonyou et al., 1992). Productivity and social behavior of 
pigs continue to draw research interest with new production systems emerging. One feeder 
space per four pigs has commonly been recommended for growing-finishing pigs (Brumm 
and Gonyou, 2001). The feeding space averaging 59 mm per 50 kg pig and 74 mm per 100 
kg pig was found to be more effective both in reducing feed wastage and providing a good 
feeding environment (English et al., 1988). 
Pig genotypes differ in the pattern and rate of depositing lean (muscle) and adipose 
tissue (Cline and Richert, 2001; Houseknecht et al., 1998). Genotypes that have a rapid rate 
of lean gain have an increased need for amino acids and energy for growth (Schinckel and de 
Lange, 1996). Some lean genotype pigs limit their voluntary feed intake. In general, gilts 
consume less feed than barrows; therefore, gilts require a higher concentration of amino acids 
(Cline and Richert, 2001). Barrows store the extra energy as fat because their energy need for 
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lean tissue synthesis is lower (Cline and Richert, 2001; NRC, 1998). As the barrows 
approach market weight, the effect of excessive energy intake is more exacerbated (Cline and 
Richert, 2001). 
The condition of the feed given to pigs can affect performance with effects ranging 
from feed refusal to serious illness if the feed is contaminated by high levels of toxic 
substances. A more serious concern is with mycotoxin contamination in pork production. 
Mycotoxins are metabolites produced by mold (Chu, 1992). Occasionally, mycotoxins in 
feed may go undetected and cause production losses (Forsyth, 1991). Toxins are formed 
under specific conditions; therefore, the presence of mold in feedstuff does not always 
indicate presence of mycotoxins in feed (Chu, 1992; Diekman and Green, 1992). It is 
important to monitor mycotoxin levels in the feedstuff to ensure quality (Heugten, 2001). 
Several laboratory techniques have been developed to analyze specific mycotoxins in feed 
(Chu, 1992). Good agronomic practices and proper preservation and storage of feeds, 
however, ensure prevention of mycotoxin formation (Diekman and Green, 1992; Forsyth, 
1991).  
In general, pigs are more sensitive to mycotoxins in the feed than domestic ruminants. 
If ingested by the pig, mycotoxins result in depressed feed intake, decreased weight gain, and 
increased susceptibility to diseases (Forsyth, 1991; Heugten, 2001). Mycotoxins vary among 
the species of mold and thrive under different conditions and favor different grains, both in 
storage and in the field. For example, aflatoxins are produced by Aspergillus flavus 
particularly in corn, but may occur in other grains whenever conditions of temperature and 
humidity and a suitable substrate prevail in a given area (Diekman and Green, 1992; Forsyth, 
1991; Russell et al., 1991). Aspergillus flavus grows between 30 and 40° C (Forsyth, 1991). 
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Often, Aspergillus flavus grows during the storage of summer crops and may produce 
aflatoxin within two to six weeks of infestation (Diekman and Green, 1992; Hale et al., 1978; 
Heugten, 2001). There are no characteristic clinical signs after a pig has consumed aflatoxins. 
Noticeable effects, however, may include decreased feed intake at levels as low as 20 
parts-per-billion (ppb) depending on the aflatoxin variety (Forsyth, 1991). Aflatoxins are 
carcinogenic, and liver damage in many species may occur at levels above 100 ppb in the 
feed (Chu, 1992; Forsyth, 1991; Heugten, 2001).Other mycotoxins of economic importance 
in swine production are trichothecenes. Pigs refuse feed when it is contaminated with 
trichothecenes which comprise a group of toxins produced by a variety of fungi (Swamy et 
al., 2002). Of particular interest is deoxynivalenol (DON), also commonly referred as 
vomitoxin because of its vomiting effect. Severe weight loss and vomiting occur in pigs at 
levels above 1 part-per-million (ppm) (Forsyth, 1991; Smith et al., 1997; Young et al., 1983). 
Feed intake of young pigs and females is more affected than that of finishing pigs and males 
(Diekman and Green, 1992; Forsyth, 1991; Heugten, 2001) 
In addition feed intake can be influenced by the health status of the animal, moisture 
content of feed, inorganic matter content, digestibility, palatability, and the balance of the 
amino acids in the feed (Forsyth, 1991; NRC, 1998; Wang and Fuller, 1990). Currently, 
production management is becoming more precise and intensive. Therefore, feed intake and 
growth data of pigs are important in developing feeding systems and nutritional models, and 
in interpreting nutritional recommendations to improve productivity (Ellis and Augspurger, 
2001; NRC, 1998).  
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Average Daily Gain 
Average daily gain (ADG) is the average amount of weight the pig will put on each 
day (weight gain divided by number of days on feed). This number is attained in 
consideration to the feed to gain ratio which is a multiple of the amount of feed the feeder 
will have to eat on average to put on this weight (Kyriazakis, 1999). For example, if the 
average daily gain is 500g and the assumed feed to gain ratio is three, then the feeder pig will 
need to consume 500 x 3 = 1500 grams or 1.5 kg of feed to achieve the expected 500g weight 
gain. In meat-producing animals, feed intake is a major determinant of the rate of weight 
gain, body composition, and carcass quality (Whittemore, 2006).  
A higher ADG is an attractive factor in swine selection; a major focus of pork 
production, however, is to convert nutrients supplied by feedstuffs to a high-quality pork 
product in an efficient and economic way (De Lange et al., 2001). As the development of the 
animal progresses, growth is generally understood to relate to gain in weight, size, and shape. 
Fortunately, it is easier to determine weight gain more objectively than size and shape 
(Whittemore, 2006). Gain or growth is attributed to the proportional enlargement of the main 
body tissues such as muscles or lean, fat, bones, skin, and visceral organs (De Lange et al., 
2001). Muscle tissues, however, are the main determinant of quantity of pork that can be 
derived from the pig carcass. Growth in lean tissue is due to increase in muscle fiber size, 
because fiber number is largely determined at birth (De Lange et al., 2001; Whittemore, 
2006). Whittemore (2006) explains the positive correlation between fiber number and 
postnatal potential rate of pig’s growth. For example, inadequate nutrition in utero results in 
smaller piglets at birth (lower fiber number) and slower growth rate eventually.  
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In a growing pig, protein retention is an important component of the daily weight 
gain. While feeding a balanced protein and energy diet, protein growth is linear up to a 
maximum point and later plateaus as the pig gets heavier (Kyriazakis, 1999; Whittemore, 
2006). The response of protein retention to feed intake in young pigs is linear with a constant 
ratio of fat-to-lean. In older animals (above 50 kg live weight), however, protein retention 
plateaus with a higher level of feed intake and an increased fat-to-lean ratio (Whittemore, 
2006). Females and barrows have less potential for lean tissue growth than boars (Speer, 
1991). The genotype of the pig and the supplied nutrients in the feed also influence the ratio 
of fat-to-lean (NRC, 1998). If animals are fed more energy dense diets, or as they get heavier, 
they fatten (Whittemore, 2006). Through genetic selection for higher daily lean tissue gain, 
mature lean mass has been increased (Whittemore, 2006). Consequently, growth 
performance and efficiency has been based on expected mature lean tissue mass and time 
taken to attain the weight (Kyriazakis, 1999; NRC, 1998). The lean tissue comprises about 
22% protein and water occupying the bigger percentage in additional to proportional fatty 
tissue (Ellis and Augspurger, 2001; Whittemore, 2006).  
Feed Efficiency  
The simplest method of evaluating pig performance is by monitoring the weight gain 
in reference to the amount of feed consumed per day (NRC, 1998). Feed cost accounts for 
more than 55% of the total cost of producing a market pig, with approximately 75 to 80% of 
the total feed consumed during the growing-finishing period (Cline and Richert, 2001; 
Liptrap and Hogberg, 1991). Consequently, it is important to explore methods to improve 
feed efficiency, aiming towards maximizing nutritional and economic value of nutrients 
available (Cline and Richert, 2001). Less feed wastage and adopting feeding systems that 
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provide diet formulation closer to nutrient requirements will improve profitability and reduce 
pollutants in manure (Crenshaw and Johanson, 1995; Kornegay and Verstegen, 2001). 
Before consumption and distribution, most feedstuffs are processed in some form 
(Liptrap and Hogberg, 1991). A central focus in feed processing is to enhance nutrient 
utilization of feedstuffs and to improve feed handling (Perry et al., 1999). Through 
appropriate processing techniques, rewarding results have been observed in the feed industry 
such as improved digestibility of nutrients, bioavailability, diet palatability, reduced 
anitinutritional factors, and better feed handling (Cline and Richert, 2001; Liptrap and 
Hogberg, 1991; NRC, 1998). Most grains are mechanically processed before being 
incorporated in the diets. Normally, a hammer mill is used to grind grains reducing the 
particle size and increasing surface area, which enhances microbial activities in the 
alimentary tract of the pig (Liptrap and Hogberg, 1991; McAllister et al., 1994). As the 
particle size decreases, the surface area linearly increases (Liptrap and Hogberg, 1991). The 
passage rate through the digestive tract is faster for finely ground feed than coarse ground 
feed (Liptrap and Hogberg, 1991; Perry et al., 1999). Liptrap and Hogberg (1991) reported an 
improved feed efficiency and performance especially in young pigs when fed finely ground 
feeds. Nuwer et al. (1965), however, noted an increase in incidences of gastric ulcers in 
growing pigs when feeds become more finely ground. Therefore, a medium grind is 
recommended for growing-finishing pigs to maximize feed efficiency and minimize potential 
digestive problems and dust (Liptrap and Hogberg, 1991; NRC, 1998). 
Usually, feed has to be ground first before pelleting; therefore, most of the benefits 
with grinding are observed with pelleting gains and other feedstuffs (NCR-42 Committee, 
1969; Perry et al., 1999). Skoch et al. (1983) observed an improvement in feed-to-gain ratio 
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and energy digestibility in growing-finishing pigs fed a pelleted diet over those fed a meal 
diet. Clawson and Otto (1965) and Liptrap and Hogberg (1991) reported a decrease in feed 
intake, improved weight gain, and feed efficiency in swine by pelleting feed. 
Proper feeder management is an important way to reduce feed wastage, improve 
efficiency of feed utilization, and increase economic return (Heugten, 1997). A constant 
monitoring of the feed level in the trough and not just setting the feeders at a certain 
gap-width is recommended (Brumm and Gonyou, 2001; Heugten, 1997). The type and 
design of the feeder that is being used can influence feed wastage. A nonrestrictive feeder 
facilitates natural eating movement and increases eating speed with limited feed wastage 
(Gonyou et al., 1992; Walker, 1991). Feeder stocking rate affects eating rate; therefore, 
overstocking would encourage fighting and feed spillage (Brumm and Gonyou, 2001; 
Gonyou and Lou, 2000).  
As pigs mature, they should be fed several diets with decreasing concentration of 
amino acids and macrominerals to closely meet their nutrients needs, while minimizing 
nitrogen and phosphorus excretion. Pigs use only a fraction of the total dietary nitrogen in 
their rations for growth, maintenance, or production (Kornegay and Verstegen, 2001). The 
remaining protein is excreted as nitrogen in the form of urea in urine and as organic nitrogen 
in feces. The excess nitrogen is eventually an economic loss to the producer, and in the soil 
may lead to an increase in the nitrate content of groundwater and the possibility of nitrates 
runoff into surface water (Lopez and Leeson, 1995). A maximum nitrate-nitrogen level of 10 
parts per million in public water supplies has been set (EPA, 2004).  
Improved nutrient utilization results in far reaching benefits. In the United States, 
swine and poultry produce about 20% of the total livestock manure produced and excrete 
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about 36% of the total phosphorus (Crenshaw and Johanson, 1995). Naturally, pigs and 
poultry do not produce intestinal enzymes capable of hydrolyzing phytate, resulting in the 
monogastric passing phytate-phosphorus through the digestive tract unabsorbed (Kornegay 
and Verstegen, 2001). To avoid phosphorus deficiency, monogastric animals are 
supplemented with inorganic phosphates such as dicalcium phosphate and often in excess 
(Poulsen, 2000). Raising availability of dietary phosphorus will facilitate reduction of 
inorganic phosphate often added to the diet, and thereby reduce phosphorus excretion. 
Cromwell et al. (1993) showed that microbial-derived phytase supplementation in the diet 
increased availability of dietary phosphorus.  
Carcass Characteristics of Pigs 
Backfat Thickness 
Backfat (BF) thickness in swine refers to the depth of the subcutaneous fat including 
the rind as measured from the lean tissue at a defined position (tenth rib position) on the back 
of the pig. Backfat thickness is used as an index for degree of fatness. Over the last two 
decades, fat content of pork has progressively declined as reflected in retail cuts with 
increased lean percentage and a decrease in fat content (National Pork Producers Council, 
1999). This has been influenced primarily by the consumers’ emphasis on healthy, leaner 
pork products which taste good (Lawrie and Ledward, 2006). Equally, the electronic media 
and other publications with assorted interests have made the public increasingly more 
conscious of nutritional attributes and food product liability in their diets (Berg et al., 2007). 
Certainly, this trend has influenced a continuous review of pork quality factors associated 
with juiciness, flavor, tenderness, color, and water-holding capacity (Lawrie and Ledward, 
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2006). Modified pricing grids in line with lean premiums and heavily muscled pigs influence 
sourcing patterns for the packers and value to the producer (National Pork Board, 2000).  
Implementation of pork value program (lean carcass pricing systems initiated in the 
early 1980s) has led to pork industry stakeholders paying extra attention to increased lean 
growth rate, increased carcass lean percentage, and improved lean feed conversion (Lawrie 
and Ledward, 2006; National Pork Producers Council, 1999). To satisfy qualitative demands 
of the consumers, however, the pork should contain a percentage of predetermined 
intramuscular fat (Geri et al., 1990). Porcine intramuscular fat plays a unique role in 
determining the physical and organoleptic characteristic of pork (Berg et al., 2007; Geri et 
al., 1990). Compared with other animal products, pork is high in percentage of unsaturated 
fatty acids and thiamine content (Lawrie and Ledward, 2006; Mersmann et al., 1997). Pork 
has been reported to be similar to lean beef, lamb, and poultry meat in total fat and 
cholesterol (Lawrie and Ledward, 2006). Today, the notable changes in pork composition are 
the result of multiple production efforts by producers and swine scientists to meet the needs 
of consumers. Among other aspects, improved feeding and genetic selection for leanness has 
played a major role in placing a high quality pork product in the market.  
As the pig develops, two-thirds of the fat is deposited as subcutaneous fat, and 
one-third is deposited as intramuscular fat and around the small intestines and kidneys 
(Mersmann et al., 1997; Whittemore, 2006). Unless feed intake is limited, there is usually an 
increase in fat deposition as pigs mature and gain in weight (Whittemore, 2006). In general, 
high energy feeds will increase fat synthesis and deposition (NRC, 1998). At the present 
time, genetic selection has markedly affected the number and size of fat cells in pigs which 
are engineered for leaner pork production (Geri et al., 1990). The serum from an obese pig 
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shows elevated levels of adipogenic hormones, while the antiadipogenic hormone levels are 
higher in lean genotypes (Hausman and Hausman, 1993). Administering somatotropin has 
shown to increase growth rate and efficiency while reducing lypogenesis in finishing pigs 
(Hausman and Hausman, 1993). Other studies of the use of beta-adrenergic agonists like 
ractopamine, isoproterenol, and cimaterol in the finishing phase have shown depressed 
lipogenesis and a reduction of adipocytes, making the pigs leaner and more efficient 
(Hausman and Hausman, 1993; Peterla and Scanes, 1990).  
Physiological importance of adipose cells in the porcine body cannot be overlooked. 
In mammals, adipose tissue plays a major role in metabolism, storage of excess energy as fat, 
and de novo synthesise and release of fatty acids (Chen et al., 2006). Adipose tissue also 
secretes endocrine factors such as leptin into the blood to regulate energy homeostasis (Chen 
et al., 2006; Ramsay et al., 1998). Porcine adipose tissue has abundant mRNA for 
adiponectins and their receptors, the expressed genes involved in regulating physiological 
function of other tissues (Chen et al., 2006; Ding et al., 2004). A minimum level of 4% lipid 
in the whole body is essential to normal metabolic function (Whittemore, 2006). Above this 
preferred level of target fat, the animal is sufficiently and physiologically comfortable to 
partition and prioritize available nutrients toward lean growth and other functions 
(Whittemore, 2006). 
Carcass Lean  
Progressive pork production needs to excel both in production efficiency and carcass 
merit of the market pig (National Pork Board, 2000). In assessing carcass merit, both quality 
and quantity of lean are important. Slaughtering the market pig and evaluating carcass 
composition offers an ideal method, but this is not practical in many situations (National 
  
27
 
Pork Board, 2000). One of the early technologies used to predict carcass value on a live hog 
was the metal backfat probe (Hazel and Kline, 1959). A small incision was made at the last 
rib on the live pig, and a probe was pushed through the rind and the fat layer until it touched 
the muscle before measurements were taken. Currently, according to the National Pork Board 
(2000), live pig ultrasonic measurements are being used extensively in estimating fat-free 
lean gain and lean gain per day on test (LGOT) by measuring loin eye area. This technology 
has improved accuracy and convenience of carcass evaluation by the use of noninvasive 
techniques on the live pig (National Pork Board, 2000).  
Freshness and processing of meat makes lean quality an important factor for further 
consideration. The lean tissue is comprised of about 22% protein, primarily water-soluble 
sarcoplasmic proteins and salts-soluble myofibrillar protein (Whittemore, 2006). 
Subjectively, pork lean can be classified as RSE (reddish-pink, soft, and exudative), RFN 
(reddish-pink, firm, and nonexudative), PSE (pale, soft, and exudative) and DFD (dark, firm 
and dry) (Lawrie and Ledward, 2006).  
Lean gain in the pig is calculated by measuring loin muscle area (LMA), BF 
thickness, and the weight gain of the live pig. In 1993, training and certification programs for 
swine ultrasound technicians were established by the National Swine Improvement 
Federation (NSIF) to evaluate and enhance competence both in taking and interpreting 
measurements (Moeller, 2002). More information on certification procedures and a list of 
certified technicians are available through NSIF website (http://www.nsif.com/ or 
htt://mark.asci.ncsu.edu/NSIF/) (National Pork Board, 2000).  
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CHAPTER 3. EFFECTS OF FEEDING IOWA-GROWN FIELD PEAS  
ON FINISHING PIG PERFORMANCE1 
 
A paper to be submitted to the Journal of Animal Science 
J. G. Njoka* and M. S. Honeyman*2 
Department of Animal Science, Iowa State University 
 
Abstract 
 
The objective of this study was to investigate an alternative feedstuff, Iowa-grown 
field peas, for finishing pigs. Field peas (winter, spring, and summer types) grown in 
southeast Iowa during 2005 and 2006 were sampled and analyzed for nutrient content. 
Overall, the peas averaged 86% DM, 2.8% ether extract, 5.7% crude fiber, 3% ash, 19.3% 
CP, 1.54% lysine, 0.20% methionine, 0.18% tryptophan, and 0.74% threonine. Finishing 
pigs, barrows (n = 64), were randomly assigned to 16 pens with four pigs each. There were 
four replications per treatment group. Each pen was assigned one of the four diets. The four 
diets were: 1) winter pea 30% of the total diet (by weight), 2) summer pea 30%, 3) spring pea 
30%, and 4) corn-soybean meal as the control. The three pea diets contained corn but no 
soybean meal. Each of the four diets had 0.64% lysine based on calculated analysis. 
Crystalline amino acids (lysine, tryptophan and threonine) were added to the pea diets. The 
pigs started the experiment at 80 ± 2.5 kg live weight and were fed the experimental diets for 
1This project was supported by Hatch Act, State of Iowa funds, USDA-SARE grant and 
 Leopold Center for Sustainable Agriculture. The authors gratefully acknowledge ISU Swine 
 Nutrition Research Farm staff for animal care and A. Penner for help with the data 
 collection. Mention of company or product names is for presentation clarity and does not 
 imply endorsement by the authors or Iowa State University, nor the exclusion of any other 
 products that may be suitable for application.  
2Correspondence: 32 Curtiss Hall, Iowa State University, Ames, IA, 50010 (phone: 515-294-
4621; fax: 515-294-6210; E-mail: honeyman@iastate.edu). 
*Department of Animal Science, Iowa State University 
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39 d. Pigs were weighed individually at the start, at 14-d intervals, and at the end of the 
experiment. At final weighing, backfat and loin muscle area was ultrasonically evaluated on 
each pig. There was no difference in final pig weight (123 ± 3 kg) for the four treatment 
groups (P > 0.10). There were no treatment effects on average daily gain (ADG) (P = 0.22) 
across dietary treatments. Average daily feed intake (ADFI) was influenced by dietary 
treatments (P < 0.10). Pigs tended to consume less corn-soybean meal and spring pea diets 
than the winter and summer pea diets, with ADFI of 4.0, 3.8, 3.5, and 3.4 kg/d for winter, 
summer, spring, and the control diets, respectively (P < 0.10). Feed:Gain (F:G) was not 
different among the treatment groups (P > 0.10). Pigs fed winter peas had greater backfat 
(BF) than pigs fed spring peas or the control diet (P < 0.10). Pigs fed summer peas were 
intermediate in BF and did not differ from the other treatments (P > 0.10). There were no 
differences between dietary treatments for loin muscle area (LMA), although the pigs fed 
spring peas had numerically smaller loin muscle areas (P > 0.10). There were no differences 
in the overall fat-free lean values (P > 0.10). In this study, the results showed no decrease in 
performance of finishing pigs at the inclusion rate of 30% field peas in a corn-based diet. The 
30% field pea inclusion rate was enough to replace all of the soybean meal and reduce the 
amount of corn in the diet. 
Introduction 
 
Field peas (Pisum sativum L.) are a valuable and versatile nutrient source for a range 
of livestock species in several regions of the world (Castell, 1990). Interest in growing field 
peas as a feedstuff for livestock is increasing in the upper Midwest (Petersen and Spencer, 
2006; Stein et al., 2004). Peas are a relatively new crop in Iowa where corn and soybean meal 
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are the primary ingredients of swine diets (NASS, 2006). The growing season, seed 
characteristics, and other agronomic factors influence the nutrient content of peas (O'Doherty 
and Keady, 2001). Hence it is important to understand the nutrient levels of locally grown 
peas before incorporating them in swine diets. 
Unlike soybeans, pea seeds after drying and harvesting can be ground with a common 
hammer mill and incorporated in swine diets directly on the farm without further processing 
(NRC, 1998, Stein et al., 2004). The crude protein content of field peas is intermediate 
between corn and soybean meal with a similar digestible energy value as corn (Patience et 
al., 1997). Like most pulse crops, peas contain anti-nutritional factors (ANF), for example, 
protease inhibitors with specific anti-trypsin and anti-chymotrypsin activity that decrease 
protein digestibility (Van Der Poel, 1990). However, pigs can tolerate the moderate level of 
ANF in peas when age and digestive tract development are considered during diet 
formulation (NRC, 1998). 
High inclusion rates of field peas are needed in the diets if all of the soybean meal is 
to be replaced (Stein et al., 2004). South Dakota work showed that field peas may be 
included in diets fed to nursery pigs at 18% of the diet and to finishing pigs at 36% of the diet 
(Stein et al., 2004, 2006). These levels are sufficient to replace the soybean meal and some of 
the corn in the diets without affecting animal performance at specific growth phase. The type 
and quantity of nutrients consumed by animals among other factors will influence animal 
performance, energy utilization and tissue composition (Lawrie and Ledward, 2006). 
Similarly, nutrients consumed by growing pigs will ultimately affect the physiological and 
chemical factors responsible for the conversion of living muscle to meat and influence meat 
  
43
 
quality (Lewis, 2001). Effects of feeding higher dietary inclusion rates of Iowa grown field 
peas to finishing pigs have not be investigated.  
Consequently, it is critical to clarify both performance and carcass quality when pigs 
are supplied with field peas as the primary protein source. This new information will provide 
a wider spectrum of feedstuff choices to Iowa producers. Also this information will assure 
the local and export markets that Iowa pork from pigs fed peas is similar in quality to pork 
from pigs fed soybean meal. 
Swine feeding in Iowa would provide a robust use for peas, if the crop is adopted by 
Iowa growers. Other benefits to the producers include, decreased pest prevalence through 
improved crop rotation, better farm equipment utilization and labor distribution, additional 
nutrient recycling, and a possible double crop because peas are a short season crop (Fawcett 
et al., 2005; Sullivan, 2005). Although corn and soybean meal are abundant in Iowa, 
currently feed prices are increasing due to competition with the bio-fuel industry. The 
objective of this study was to investigate an alternative feedstuff, Iowa-grown field peas, as a 
feedstuff for finishing pigs in Iowa. 
Materials and Methods 
Peas 
Field peas (winter, spring, and summer types) grown in southeast Iowa during 2005 
and 2006 were sampled and analyzed for nutrient content (Table 1). Samples were analyzed 
by Experiment Station Chemical Laboratories, University of Missouri-Columbia, MO. Crude 
protein was done by Kjeldahl laboratory procedure. 
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The winter field peas were a new variety (Specter) developed by USDA-ARS 
Pullman, WA. There were two planting dates, mid- and late-October, at the ISU Southeast 
Research Farm, Crawfordsville, IA. The soil was heavy black soil. Yield was 1,907 kg/ha. 
The mixed variety of spring-planted peas included a yellow pea (Admiral and Midas) 
and a green pea (Striker). The peas were grown west of Washington, IA and were planted in 
May. The Midas variety yielded 1,233 kg/ha. The Striker variety yielded 2,409 kg/ha and 
1,367 kg/ha. The difference was presumably due to manure application. The low yields for 
Midas were attributed to no inoculation. The research farm has reported yields as high as 
3,178 kg/ha of Midas peas.  
The summer field pea variety (WF0097) was grown near Solon, IA. The peas were 
planted following wheat harvested in July. Due to hot weather and an outbreak of powdery 
mildew, the yield was poor (413 kg/ha). 
Diets 
The four diets were: 1) winter pea 30% of the total diet (by weight), 2) summer pea 
30% of the total diet, 3) spring pea 30% of the total diet, and 4) corn-soybean meal as the 
control. The three pea diets contained corn but no soybean meal. Each of the four diets had 
0.64% lysine based on calculated analysis (Table 2). In the winter and summer pea diets 
crystalline lysine, tryptophan and threonine were added. In spring pea diet only crystalline 
tryptophan and threonine were added. The control diet had no crystalline amino acids added. 
All the diets were formulated to meet or exceed National Research Council (1998) nutrient 
recommendations for finishing pigs. Prior to mixing the diets, the grains were ground with a 
hammer mill using a 4.8-mm screen and presented in meal form. 
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Animals and Facilities 
The Iowa State University Animal Care and Use of Agricultural Animals in 
Agricultural Research and Teaching Committee reviewed and approved the experiment, log 
number 9-06-6221-S. Finishing pigs, barrows (n = 64), offspring of PIC 336 terminal line 
bred to PIC Cambrough 227 sows all from the same farm, were used in the experiment. A 
pen of four pigs composed an experimental unit. Pens were randomly allotted to one of the 
four treatment diets. Pig body weight and ancestry were equalized across the treatments. In 
each pen, a two-hole feeder and a nipple water drinker were installed. The pens were 1.8 m × 
2.7 m with a half concrete slatted floor. There were four replicate pens per treatment group. 
The pigs were housed in an environmentally-controlled building at Iowa State University 
Swine Nutrition Farm, Ames, IA. Prior to start of the experiment, all pigs were fed 
corn-soybean meal grower diets as a large group.  
The pigs started on the experiment after attaining body weight of approximately 80 
kg and were fed the experimental diets for 39 d. The amount of peas available was limiting 
and determined the length of the study. Pigs were weighed individually at the start, at 14 d 
interval, and at the end of the experiment. The feed was weighed before it was placed in the 
feeders. The pigs had ad libitum access to feed; the feeders, however, were adjusted regularly 
to minimize wastage. On the final day of the experiment the feed that was left in the feeders 
was weighed, and feed disappearance from each pen was calculated. Average daily feed 
intake (ADFI) = (feed disappearance divided by the number of pigs per pen divided by the 
number of days on the experiment) was calculated for each pen and treatment group (Table 
3). Pig body weight gain (BG) = (Start weight minus end weight) and average daily gain 
(ADG) = (BG divided by number of days on experiment) were calculated for each pen and 
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subsequently for each treatment group. Likewise, Feed:Gain ratio (F:G) = ADFI divided by 
ADG, and Gain:Feed ratio (G:F) = ADG divided by ADFI, were also calculated.  
 
Scanning  
At final weighing, each pig was scanned by a certified technician (National Swine 
Improvement Federation) using an Aloka 500-V SSD ultrasound machine fitted with a 
3.5-MHz, 12.5cm linear array transducer. A sound-transmitting guide placed on the pig’s 
back took image measurements of off-midline back-fat (BF) and loin muscle area (LMA) at 
the tenth rib. Vegetable oil was used to provide improve conductivity between the skin and 
the probe. The ultrasonic measurements were used to determine weight of fat-free lean. Lean 
gain per day on test (LGOT) = fat-free lean at ending weight minus fat-free in feeder pig 
(National Pork Board, 2000) (Table 4). The National Pork Board (2000) has provided 
equations to enable stepwise calculations, which take into account a standardized live animal 
real-time ultrasound, last rib carcass backfat-thickness, and loin muscle area measurements 
(National Pork Board, 2000).  
1. Equation for pounds of standardized fat-free lean (SFFL) =  
[0.833 × sex of pig (barrow = 1, & gilt = 2)] + [0.291 × live weight, lbs] – [16.498 × 10th 
rib fat depth, inches (BF)] + [5.425 × 10th rib LMA, inches2] – 0.534 
To convert to % fat-free lean on a live weight basis, divide by live weight and multiply by 
100. And to convert to % fat-free lean (FFL) on a carcass weight basis divide by the 
percent FFL by 0.74. 
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2. Equation for pounds of acceptable standard fat-free lean gain per day on test =  
Pounds of fat-free lean at ending weight minus pounds of fat-free lean in feeder pig divided 
by days on test. 
 
 
Statistical Analysis 
The experimental design was complete randomized block, and data were analyzed by 
ANOVA using the GLM procedure of SAS (SAS inst. Inc., Cary, NC). The model CLASS 
statement included effects of treatment and pen. The pen was the experimental unit for 
performance analyses data. Data for carcass leanness evaluation were also pooled within pen. 
The model contained treatment, ADFI, ADG, BF, and LEA. The LSMEANS statement and 
the PDIFF option were used to separate the means. To test significance, an alpha value of P < 
0.10 was used in the analyses.  
Results 
Nutrient Analysis 
The Iowa peas averaged 86% dry matter (Table 1). Crude fat (ether extract) content 
averaged 2.8%. Crude fiber content was 5 to 6%, and ash was about 3%. Crude protein 
content averaged 19.3%, compared with 22.8% reported by the NRC (1998). Lysine content, 
which is commonly the first limiting amino acid in pig diets, averaged 1.50%. According to 
the NRC (1998), lysine in peas is highly digestible (84%). The peas were low in methionine 
(0.18%) and tryptophan (0.20%). Threonine in winter, summer, and spring peas averaged 
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about 0.73%. The amino acid concentrations in the Iowa-grown peas were similar to values 
reported by the NRC (1998). Values are reported on an as-fed basis. 
Pig Performance 
All pigs were in good health during the experiment. Initial body weights (80 ± 2.5 kg) 
did not differ among dietary treatments, as part of the experimental design. There was no 
difference in final weight (123 ± 3 kg) for pigs in the four treatment groups (P > 0.10). 
Likewise there were no treatment effects on ADG (P = 0.22) among dietary treatments 
(Table 3). The ADFI was influenced by dietary treatments (P < 0.10). Pigs consumed less 
corn-soybean meal and spring pea diets than the winter and summer pea diets, with ADFI of 
4.0, 3.8, 3.5, and 3.4 kg/d for winter, summer, spring, and the control diets, respectively (P < 
0.10). The G:F and F:G ratios were not different across the treatment groups (P = 0.30). 
Carcass Evaluation   
Pigs fed winter peas had greater BF than did pigs fed spring peas or the control diet 
(P < 0.10), and pigs fed summer peas were intermediate and did not differ from the other 
treatments (P > 0.10) (Table 4). Pigs fed winter peas, summer peas, or control had similar 
loin muscle area (LMA, 44 cm2), and pigs fed spring peas had (41cm2) LMA (P > 0.10). 
There was no difference in the overall fat-free lean gain, however, the efficiency of lean gain 
for pigs fed the control diet was numerically the best (107 g/kg) followed by summer peas 
(102 g/kg), winter peas (96 g/kg), and spring peas (95 g/kg) (P > 0.10).  
Discussion 
The Iowa peas averaged 86% dry matter content, a level that will store well. 
Excessive moisture (> 16%) is likely to result in spoilage during storage (Church, 1991). The 
ether extract averaged 2.8%; the NRC (1998) reports crude fat as 1.2% for field peas. A high 
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proportion of lipids in peas is characterized by unsaturated fatty acids, notably linoleic 
(Coxon and Wright, 1985). The development of rancidity raises odor and flavor concern due 
to fatty acid oxidation when pea diets are improperly stored for a long period (Castell et al., 
1996). Crude fiber content was 5 to 6%, and ash averaged 3%. Pea seed coats (hulls) 
represent 7 to 14% of the total weight and mainly consists of nonstarch polysaccharides 
(Castell et al., 1996).  
Crude protein averaged 19.3% compared with 22.8% reported in the NRC (1998). 
This variability may be a reflection of different aspects, including genotypes, seed 
characteristics, and the growing season (Gatel and Grosjean, 1990). Matthew et al. (1985) 
showed that the crude protein can vary even for seeds from the same plant or same pod. 
Consistent with earlier reports (Castell, 1990; Gatel et al., 1990), the analysis of the peas 
used in this experiment indicated that the winter and spring pea varieties tended to have 
higher crude protein than summer varieties. Pea crude protein contains more lysine than other 
amino acids (NRC, 1998). Iowa-grown field pea lysine content averaged 1.50%, which is 
commonly the first limiting amino acid in pig diets. The spring varieties contained higher 
lysine levels than the winter and summer peas. According to the NRC (1998), lysine in peas 
is highly digestible (84%). This enhances the economic value of peas in the swine diet. 
Unfortunately, the peas were low in methionine and tryptophan (0.20 and 0.18%, 
respectively) (Table 1). Digestibility of these amino acids is lower in peas than in soybean 
meal (NRC, 1998). It may be advisable to add crystalline methionine and tryptophan to swine 
diets containing high levels of peas. Threonine in winter, summer, and spring peas averaged 
about 0.74% (Table 1). The amino acid levels in the Iowa-grown peas were similar to NRC 
(1998) values.  
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Because field peas are low in fat compared with corn and contain twice as much fiber 
as corn, peas are lower in energy than corn (Stein et al., 2006). However, the metabolizable 
energy value of peas is similar to soybean meal and corn (NRC, 1998). Field peas contain 
low levels of several antinutritional factors such as protease, lectin inhibitors, and tannins 
(Gatel and Grosjean, 1990). These levels are less than in raw soybeans and are not known to 
cause palatability problems (Gatel and Grosjean, 1990; Stein et al., 2004). 
All pigs were in good health during the experiment. On this study, the results showed 
no decrease in performance of finishing pigs fed corn-based diets with 30% field peas in a 
corn based diet. These results were similar to the observations published on feeding field 
peas grown in locally in other states (Stein et al., 2004; Thacker and Racz, 2001). There was 
no adverse effect on growth rate or feed conversion from feeding corn-pea diets to swine. 
The 30% field pea inclusion rate was enough to replace all the soybean meal and reduced the 
ground corn added to the pea diets. In the experimental diets containing peas, synthetic 
amino acids tryptophan and threonine were added to avoid deficiencies (Table 2). Pigs 
consumed less corn-soybean meal and spring peas diet (P < 0.10) than the winter and 
summer pea diets. The difference in consumption possibly was because corn-soybean meal 
had slightly higher metabolizable energy than pea diets (1516 vs 1488 kcal/lb) (Table 2). 
With the understanding that varietal and seasonal differences affect nutrients composition in 
pea seed, probably the spring peas had different nutrient levels. The higher feed intake was 
reflected in a larger loin muscle area and thicker backfat (P < 0.10), but the percentage 
fat-free lean did not increase (P > 0.10) (Table 4). Similar observations were reported when 
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growing and finishing pigs were fed higher inclusion rates of South Dakota-grown field peas 
(Stein et al., 2004).  
Implications 
Field peas are a potential crop for consideration for Iowa pork production. Because of 
their nutritive value, chemical composition, and agronomic characteristics, peas are suitable 
for Iowa. Peas are easy to handle on-farm, requiring only basic processing before feeding. 
Results from this study indicate that Iowa-grown field peas fed at 30% inclusion rate can 
replace all soybean meal and part of corn in diets for finishing pigs without negative effects 
on performance. Essential amino acids should be balanced to avoid their deficiency. 
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1Analyzed by Experimental Station Chemical Laboratories, University of Missouri, 
Columbia, MO. 
2As fed values. 
3This sample was a mixture of Admiral and Midas yellow peas varieties and Striker green 
pea variety. 
4Crude protein by Kjeldahl method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Analysis of field peas grown in southeast Iowa1,2 
Year    2006 2005 2006 
Season Winter Summer Spring 
Color Yellow Yellow Yellow/Green 
Variety Specter WF0097 Mixed3 Average
Dry Matter % 86.29 84.71 85.77 85.59
Crude Fat %   2.96   3.50 2.04 2.83
Crude Fiber %   5.98   5.94 5.20 5.71
Ash %   2.73   3.71 2.89 3.11
Crude Protein4 % 20.15 17.94 19.68 19.26
Lysine %   1.51   1.43 1.54 1.49
Threonine %   0.74   0.70 0.74 0.74
Trptophan %   0.18   0.18 0.19 0.18
Methionine %   0.20   0.20 0.21 0.20
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Table 2. Composition of the four diets fed to finishing pigs, as fed basis 
Ingredient, % 30% Winter Peas1 30% Summer peas1 30% Spring peas1     Control2 
Corn 67.70 67.66 67.73 83.90 
Peas 30.00 30.00 30.00 0.00 
Soybean meal (48% 
CP) 
0.00 0.00 0.00 14.00 
Dicalcium  phosphate 0.82 0.82 0.82 0.65 
Limestone 0.82 0.82 0.82 0.87 
Salt 0.33 0.33 0.33 0.33 
Vitamin premix3 0.17 0.17 0.17 0.17 
Mineral premix4 0.08 0.08 0.08 0.08 
L- lysine 0.02 0.05 - 0.00 
L- tryptophan 0.035 0.035 0.03 0.00 
L- threonine 0.025 0.035 0.02 0.00 
     
Calculated analysis     
Crude protein, % 11.70 11.10 11.60 13.60 
Lysine, % 0.64 0.64 0.64 0.64 
Tryptophan, % 0.13 0.13 0.13 0.14 
Threonine, % 0.44 0.44 0.44 0.50 
Met + Cys, % 0.40 0.39 0.40 0.50 
Calcium, % 0.54 0.54 0.54 0.54 
Available P, % 0.18 0.18 0.18 0.18 
Total  P, % 0.46 0.46 0.46 0.45 
Met. Energy, kcal/lb 1487 1487 1488 1516 
1Pea diets, no soybean meal added 
2Corn-soybean meal 
3Premix supplied vitamins to meet or exceed NRC (1998) requirements 
4Premix supplied minerals to meet or exceed NRC (1998) requirements 
 
 
Table 3. Performance of finishing pigs fed Iowa grown winter, spring, and summer field 
peas compared to corn/soy-based diets1 
Item Winter peas Summer peas Spring peas Control2 SEM P-Values 
Pens  4  4  4  4  - - 
Pigs on trial   16  16  16  16  - - 
Days on test  39  39  39  39  - - 
Start wt, kg  81.0  80.7  80.3  80.9  2.5 0.997 
End wt, kg  126  124  119  122  3 0.626 
ADFI, kg/d3  4.01a  3.80ab  3.52b  3.44b  0.15 0.078 
ADG, g/d  1161  1103  1004  1041  53 0.222 
G: F   290  290  285  303  7 0.312 
F: G   3.45  3.45  3.53  3.31  0.08 0.343 
1Data are means of 4 observations per treatment (16 barrows per treatment group). 
2Control = Corn soybean meal diet for finishing pigs. 
3ADFI = Average Daily Feed Intake, ADG = Average Daily Gain, F: G = Feed-gain ratio,  
G:F = Gain-Feed ratio.  
abWithin a row, means without a common superscript letter differ (P < 0.10). 
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Table 4. Carcass evaluation of finishing pigs fed Iowa grown winter, spring, and 
summer field peas compared to corn/soy-based diets1 
Item Winter peas Summer peas Spring peas Control2 SEM P-Values 
BF3, mm  22.9a  20.0ab  18.9b  19.3b  1.1 0.089 
LMA, cm2  44.3  44.0  40.9  43.9  1.5 0.385 
FF Lean, kg  47.0  47.0  44.9  46.6  1.3 0.651 
Eff of lean 
gain, g/kg 
 96   101  95 107  5.0 0.272 
FF lean on 
live wt, % 
 37.4  38.0  37.6  38.4  0.5 0.530 
FF lean on 
carcass, % 
 50.5  51.4  50.8  51.9  0.7 0.530 
FF lean/d  
g/d 
 380 383  333 369 17.0 0.189 
1Data are means of 4 observations per treatment (16 barrows per treatment group) 
2Control = Corn soybean meal diet for finishing pigs. 
3BF = Back Fat, LEA = Loin Muscle area, FF Lean = Fat Free lean, Eff. of lean gain = gram 
of  lean gain per kilogram of feed, FF lean/d = Fat Free lean gain per day on test.  
abWithin a row, means without a common superscript letter differ (P < 0.10). 
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CHAPTER 4. GENERAL CONCLUSIONS 
 
Iowa-grown field peas may be used as an alternative feedstuff to replace soybean 
meal for finishing pig diets. Overall, the Iowa peas were 2.8% fat, 5.7% fiber, 3% ash, 19.3% 
protein, 1.5% lysine, 0.73% threonine, 0.18% tryptophan, and 0.20% methionine. In this 
study, four dietary treatments were fed to finishing pigs, barrows (n = 64), starting at 80 ± 2.5 
kg live weight. The four treatments were randomly assigned to pens with four pigs each with 
four replications per treatment group. The four diets were winter pea, summer pea, spring 
pea, and corn-soybean meal as the control. The pea diets contained corn but no soybean 
meal. Each of the four diets had 0.64% lysine based on calculated analysis. Crystalline 
lysine, tryptophan, and threonine were added to the pea diets, but no lysine was added to the 
spring pea diet. The control diet had no crystalline amino acids added.  
Feed and water were provided on ad libitum basis with very minimal wastage. Pigs 
were weighed individually at the start, at 14 d intervals, and at the end of the experiment. 
Pigs were fed the experimental diets for 39 days based on the limited pea supply; the animals 
attained market weight (123 ± 3 kg). At final weighing, backfat thickness and loin muscle 
area were ultrasonically evaluated on each pig.  
There was no difference in final pig weight in the four treatment groups (P > 0.10). 
There were no treatment effects on average daily gain (ADG) (P = 0.22) across dietary 
treatments. Average daily feed intake (ADFI) was influenced by dietary treatments (P < 
0.10). Pigs tended to consume less corn-soybean meal and spring pea diets than winter and 
summer pea diets. Feed:Gain (F:G) was not different among the treatment groups. Pigs fed 
winter peas had greater (P < 0.10) backfat (BF) than pigs fed spring peas or the control diet. 
Pigs fed summer peas were intermediate in BF and did not differ from the other treatments. 
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There were no differences between dietary treatments for loin muscle area (LMA), although 
the pigs fed spring peas had numerically smaller loin muscle areas. There were no 
differences in the overall fat-free lean values (P > 0.10). 
In this study, the results indicated no decrease in performance of finishing pigs at the 
inclusion rate of 30% field corn-based diet. Iowa-grown field peas at 30% rate can replace all 
of the soybean meal and part of the corn in diets for finishing pigs with no negative effects on 
performance when supplemented with amino acids.  
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